Introduction
Nalgene polycarbonate bottles (Thermo Fisher Scientific Inc., Waltham, MA, USA) for 113 chlorophyll a (chl-a) measurement. Salinity samples were kept in a refrigerator (+4 °C). 114
The seawater samples for chl-a analysis were filtered through 25-mm Whatman GF/F 115 filters immediately after returning to the laboratory near the sampling station. 116
Chlorophyll pigments on the filters were extracted in dimethylformamide (Suzuki & 117 Ishimaru 1990) for 24 h at approximately -80 °C. 118
119
The bromoform concentrations were determined by a purge-and-trap (P&T) and gas-120 chromatograph-mass spectrometry (GC-MS) method (Yokouchi et International Ltd., Hampshire, UK). Chl-a concentrations were determined using a 136 fluorometer (Model 10AU, Turner Designs, Inc., Sunnyvale, CA, USA), following
Results

141
144
Bromoform and chl-a concentrations, salinity and temperature in slush and under-ice 145 water obtained during the study period are summarized in Table 1 . The mean 146 bromoform concentration in slush water was 5.5 pmol l -1 , which was lower than that of 147 under-ice water (10.9 pmol l -1 ). In contrast, the mean chl-a concentration in slush water 148 (0.4 µg l -1 ) was approximately double that of under-ice water (0.2 µg l -1 ). The mean 149 salinity of the slush water (9.7) was approximately one-third that of the under-ice water 150 (32.5). The mean temperature of the slush water (+0.5 °C) was higher than that of the 151 under-ice water (-0.4 °C) due to the downward flushing of meltwater from the top, 152 which was generated by the melting of the snow on sea ice at higher air temperature 153 (Fig. 2) . Although the range of values for some of these parameters includes temporal 154 variations during the study period, the slush water was consistently characterized by 155 lower bromoform concentrations and lower salinity compared to the under-ice water 156 (Table 1) providing an opportunity to observe temporal variations of physico-chemical properties 163 during warming and ice-melting conditions (Fig. 2) . The snow depth over the sea ice 164 decreased from 100 cm at the beginning of this period to less than 10 cm at the end, 165 whereas ice thickness was almost constant during the period (176 ± 25 cm). There was a 166 layer of superimposed ice (about 10 cm thick) between the snow and slush layers during 167 the sampling period. 168 7 Temporal variations in bromoform and chl-a concentration, salinity and temperature in 170 slush and under-ice water were shown in Figure 3 . Bromoform concentrations in the 171 slush water were relatively constant (8−9 pmol l -1 ) until 5 January, and then they 172 decreased to below 5 pmol l -1 and remained constant for the rest of the sampling period 173 (Fig. 3a) . The salinity of the slush water decreased dramatically from 28.6 on 26 174
December to 0.8 on 2 February (Fig. 3e) . On the other hand, the slush-water 175 temperature increased from -1.9 °C to +2.6 °C during the study period (Fig. 3g) . addition, the salinity of slush water was lower than under-ice water, reflecting thethat available nutrient concentration in the slush water was also low and depleted for 232 growth of ice algae. Although measures of the light intensity and nutrient concentrations 233 in slush layer were not examined in this study, these may be one of the factors 234 controlling biological productivity in slush water. 235
236
The temporal decrease of bromoform concentrations in slush water was correlated with 237 that of salinity when the salinity was higher than 5 (Fig. 4) In contrast to the changes in slush water, bromoform concentrations in under-ice water 252 increased during the study period, tracking the increase in chl-a concentrations, whereas 253 the salinity decreased (Figs. 3b, d & f) . These results for salinity suggest that the under-254 ice water included a proportion of meltwater from the sea ice. This phenomenon is 255 similar to the process occurring in the slush water, but there are some differences in the 256 effects on bromoform and chl-a concentrations. Previously, bromoform and chl-a 257 concentration at the bottom of the sea ice have been found to be higher than in the other 258 parts of sea ice (Sturges et al. 1997) . During ice melting, the impurities in sea-ice brine 259 channels are flushed out before the melting of the ice itself, therefore these components 260 were added to the under-ice water with meltwater. The temporal changes of eachsalinity meltwater during the study period (Figs. 3b, d & Temperarure (°C) −0.4 −1.8 −0.9 −0.7 −0.1 +1.5 Table 1 . Mean, minimum, Q1 (25 percentile), median, Q3 (75 percentile) and maximum of bromoform and chl-a concentrations, and salinity and temperature for slush water (n=22) and under-ice water (n=30 to 32) as measured during the study period.
